To review cause, clinical evaluation, medical and surgical management of isolated sphenoid sinus diseases.
INTRODUCTION
Lesions in the sphenoid sinus are commonly because of extension of diseases from neighbouring structures rather than diseases arising from the sphenoid sinus itself. Lesions in the posterior ethmoidal sinuses, orbit, skull base, and petrous apex are the likely neighbouring structures that may have diseases which expand into the sphenoid sinus. Lesion arising from sphenoid sinus is called isolated sphenoid sinus disease, which accounts for 1-2.7% of cases with the diagnosis of paranasal sinus diseases [1, 2] . It is rare and has often been overlooked because of its remote location and difficult access.
CAUSE
The common isolated pathologies of the sphenoid sinus are infectious, inflammatory and neoplastic in nature. Bacterial and fungal infections are the two commonest culprits causing infectious diseases in the sphenoid sinus. Mucoceles and polyps are the commonest inflammatory lesions involving the sphenoid sinus. Neoplastic lesion in the sphenoid sinus is more often an invasion from the surrounding structures rather than a primary lesion in the sphenoid sinus. The common benign and malignant tumours encountered in the sphenoid sinus consist of osteoma, clival chordoma, pituitary tumours, premalignant inverted papilloma, petrous apex chordosarcoma, and metastatic lesions from prostate, renal, and lung cancers. Other lesions, such as meningoencephalocele, cerebrospinal fluid leaks, and fibrous dysplasia are often seen in sphenoid sinus too [3] .
Friedman et al. [4] reviewed 50 patients with isolated sphenoid sinus lesions and 72% of the cases were because of inflammatory and infectious causes, 16% of the cases were neoplasms, and 12% were other conditions such as cerebrospinal fluid leak and fibrous dysplasia. Meanwhile, in the review by Marcolini et al. [5 & ], 80% of the cases were because of inflammatory and infectious causes, 7% were neoplasms, and 13% were other conditions from the total of 46 patients.
CLINICAL EVALUATION
As sphenoid sinuses are deep-seated paranasal sinuses, symptoms of sphenoid sinus diseases may be vague [5 & ,6] . Retro-orbital headache, nasal obstruction, nasal discharge, and postnasal drip are common clinical presentations [7, 8] . Abnormal vision and adjacent cranial nerves deficits may be the presenting symptoms when the lesions involve or extend to the surrounding structures. This is because of the anatomical relations with the brain, meninges, optic nerve, internal carotid artery, cavernous sinus, and cranial nerves (III, IV, V, and VI) [9] .
Lawson and Reino [10] revealed 132 cases of isolated sphenoid sinus diseases and found that headache was the most common presenting symptom, followed by visual changes and cranial nerve palsies. These clinical findings were similar to findings by Nour et al. [11] .
Endoscopic nasal examination is able to identify subtle findings in the sphenoethmoidal recess area. However, a normal looking sphenoethmoidal recess area on endoscopy does not exclude sphenoid sinus disease [11, 12] . Hence, a high index of suspicion with the help of clinical and radiological investigations is crucial in the early diagnosis of the sphenoid sinus diseases [13] . Computed tomography scan is good at showing bone details, with the ability to differentiate between bone erosion and expansion or remodelling of the sinus wall [14] . Soft tissue lesions are better evaluated with MRI with its varied pulse sequences. The extent of invasion of locally aggressive lesions into neighbouring soft tissue structures is more precisely defined with MRI.
KEY POINTS
Isolated sphenoid sinus diseases are an uncommon entity.
It can be presented with nonspecific clinical presentations.
Early diagnosis requires a high index of clinical suspicion and appropriate radiological imaging.
Surgical intervention is the primary treatment modality for most of the cases. Angiography may be useful when the differential diagnosis of an aneurysm is considered in a spaceoccupying lesion [11] .
TREATMENT
The treatment of sphenoid sinus disease depends on the underlying disease. Surgical intervention is the primary treatment modality for most of the isolated sphenoid sinus diseases. Suspected bacterial sphenoiditis can be managed medically. However, if medical treatment fails, surgical intervention will be necessary. Fungal infection, inflammatory and neoplastic lesions are treated with surgical intervention. Management of sphenoid sinus neoplasms is individualized for each tumour and it depends on histopathology, site of the origin, and extent of the tumours [11] . Nour et al. [11] reviewed 40 patients with isolated sphenoid sinus lesions and reported that 35 of them underwent endoscopic surgery under general anaesthesia.
Currently, with the evolution of techniques in endoscopic surgery, endoscopic endonasal approach to the sphenoid sinus is the technique of choice. This is because of superior illumination and visualization made possible by the different angles of the endoscopes and better understanding of endoscopic surgical anatomy in relation to sphenoid sinus. Furthermore, the use of intra-operative image-guided system in navigating the complex anatomy of the skull base will reduce the risk of damage to vital surrounding structures, especially in cases where the anatomical landmarks have been obliterated by tumour or previous surgery [15-17,18 & ]. There are four endoscopic approaches to the sphenoid sinus, namely: transnasal approach (Fig. 1) , transethmoid approach, transseptal approach, and transpterygoid approach. Several factors are considered before selecting the most appropriate approach. These include preoperative diagnosis, anatomical location of the disease process, the extent of the sphenoid sinus pneumatization especially lateral recess, available surgical equipment, extent of the surgery, and the level of experience in endoscopic sinus surgery [19,20,21 & ,22].
SURGICAL TECHNIQUES

Transnasal approach
Transnasal approach to the sphenoid sinus is the simplest route to gain access to the sphenoid sinus via sphenoid natural ostium without removing much of adjacent structures. The salient point of this approach is to expose the sphenoethmoidal recess adequately. This will guide the surgeon to the sphenoid sinus ostium. At times, the superior and middle turbinates may need to be lateralized, with or without removing them and with minimal disruption to the ostiomeatal complex or ethmoidal sinus. This approach is suitable for isolated sphenoid sinus lesions without involving other adjacent structures, such as isolated acute sphenoid sinusitis after failed medical treatment, sphenoid sinus mucoceles, and unilateral fungal sinusitis (Fig. 1 ).
Transethmoidal approach
Transethmoidal approach is commonly used to access the sphenoid sinus when there is concomitant disease of the ethmoidal sinuses. Firstly, this approach requires both anterior and posterior ethmoidectomies. Recognizing four anatomical landmarks is important in identifying the sphenoid sinus via this approach. The four important landmarks are the skull base superiorly, the horizontal part of the superior turbinate inferiorly, the superior turbinate medially, and the lamina papyracea laterally. To gain access to the sphenoid sinus from posterior ethmoid sinus, the surgeon is always advised to dissect in inferomedial direction after recognizing the four landmarks. It is important to note that, in the presence of Onodi's cell, the anterior sphenoid face may take an oblique or horizontal orientation. In such situations, it may be safer to identify the natural sphenoid ostium first, before widening the sphenoidotomy laterally. This approach is suitable for any sphenoid sinus lesions with extension from or to the ethmoid sinuses anteriorly such as nasal polyposis and chronic rhinosinusitis (Fig. 2) .
Transseptal approach
The transseptal approach to the sphenoid sinus is the surgical technique that was once frequently used in sublabial transnasal transseptal microscopic pituitary surgery. Since the introduction of endoscopic endonasal surgery, transseptal approach to sphenoid sinus no longer requires gingival incision. Instead, a direct incision at the nasal septum is done endoscopically. This approach to sphenoid sinus exposes the junction between the vomer and perpendicular plate of the ethmoid via an incision made at the nasal septum. It also facilitates a view of both the left and right sphenoid sinuses from the same surgical access after resection of the posterior septum. This approach is utilized to provide bilateral sphenoid sinus visualization in cases of sphenoid mucoceles and fungal sinusitis that eroded the intersphenoid septum with encroachment on the contralateral side. It is suitable for localizing both sphenoid sinus lesions and obtaining wide access to the medial portion of the sphenoid sinus, especially in approaches to the pituitary tumours or other sellar lesions (Fig. 3 ).
Transpterygoid approach
Endoscopic endonasal transpterygoid approach has been used to gain exposure for a variety of skull base lesions, especially with the advancement in surgical instrumentation, improved understanding of the endoscopic surgical anatomy, and maturation in endoscopic surgical skills. This approach is ideal in accessing the lateral recess of the sphenoid sinus, especially far-lateral pneumatization of the sphenoid sinus, an anatomical variant seen in approximately 22-40% of individuals [23] [24] [25] . This approach is very useful in resecting sinonasal tumour involving the lateral recess of the sphenoid sinus and repairing spontaneous or congenital meningoencephaloceles of the Sternberg's canal from this region. It is also used as the corridor for further endoscopic skull base surgery at the middle cranial fossa and infratemporal fossa (Fig. 4 ).
CONCLUSION
Isolated sphenoid sinus diseases are an uncommon entity, with nonspecific clinical presentation. Early diagnosis requires a high index of clinical suspicion, proper nasal endoscopic examination, and appropriate radiological imaging. Surgical intervention is the primary treatment modality for most of the isolated sphenoid sinus diseases. Endoscopic endonasal approach to sphenoid sinus is the technique of choice. The location of the sphenoid sinus disorder, the extent of the surgery, and the anatomic configuration of the sphenoid sinus are the main factors that help to decide the most suitable surgical approach to the sphenoid sinus.
